I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

In middle-age, hypercholesterolemia (HC) is one of the major risk factors for heart disease patients\[[@ref1]\] and 10% serum cholesterol reduction is associated with 30% mortality rate among them.\[[@ref2]\]

The prevalence rate of HC was not equal in two genders as far as varied in populations from 3% to 53% in men and from 4% to 40% in women.\[[@ref3]\]

Some plasma cholesterol correlated factors are included lifestyle, diet, smoking, central obesity, gender, physical activity and age.\[[@ref4][@ref5][@ref6]\]

The association between waist circumference (WC) and cardiovascular disease (CVD) are established well in some studies\[[@ref7][@ref8][@ref9][@ref10]\] besides a negative correlation between serum cholesterol level and height was observed in men.\[[@ref11][@ref12]\] The alterations in lipid and lipoprotein concentration resulted in a changing of CVD risk factors.\[[@ref13][@ref14][@ref15][@ref16]\] The mortality and morbidity rates due to CVD have been estimated by plasma cholesterol levels in young and adult people in Framingham study.\[[@ref17]\]

Direct correlation between serum cholesterol level and age has been seen in men and women.\[[@ref18]\] Waist to hip ratio (WHR) was directly related to serum cholesterol.\[[@ref7]\] In pubertal period, the correlation between total cholesterol and height was not steady.\[[@ref19]\] The prevalence of HC increased with age and was significantly common in men more than in women at age range 24-29 years.\[[@ref20]\] In Tibet adults,\[[@ref21]\] total cholesterol level raised 0.24 mmol/L for 0.1 unit in WHR increasing.

Golestan province is in the north of Iran (south east of Caspian sea). Of 1.7 million people in this area, 66.39% were 15-64 years old, also 71% and 29% are living in urban and rural areas, respectively. Agriculture is the main job in a rural area and different ethnic groups such as fars (native), Turkman and Sisstani live in this region.\[[@ref22]\]

The aim of this study is to evaluate the association between serum cholesterol level and abdominal obesity in men and women in 25-65-year-old people in Golestan province in the north of Iran.
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This is a cross-sectional study conducted on the 1956 subjects aged 25-65 years (990 men and 966 women). The required sample size based on the previous study,\[[@ref3]\] with estimation of 25% HC rate; a confidence level of 95% and a maximum marginal error 0.02 was calculated 1800. The sample size increased to 2000 to compensate for an expected dropout rate of approximately 20%. Subjects were chosen randomly from 100 clusters and each cluster comprised 20 cases with equal proportions of genders and age groups in 11 districts. In the first stage, the clusters were chosen randomly using systematic sampling technique based on postal code in urban areas and family health number in Primary Health Centers in rural areas. In the second stage, we selected 20 subjects randomly in each cluster. This study included all family members in aged 25-65 years. A trained staff recorded the data during 3 mounts. The subjects who were pregnant, on lowering drugs and those who refused to participate in this study were excluded from the study. Finally, 2.2% (44) of subjects refused in this study.

Waist circumference was measured to the nearest 0.5 cm at the superior border of the iliac crest. Abdominal obesity was defined based on WHO the classification\[[@ref23]\] with a WC ≥102 cm and ≥88 cm in men and women, respectively.

The blood was drowned from each subject after 12 h fast in the morning in order to measure the serum cholesterol level. It was measured on commercial kits (Pars Azmoon, Karaj, Iran) by auto-analyzer. Plasma cholesterol more than 200 mg/dl included as HC.\[[@ref18]\]

SPSS 16.0 software (Chicago II, USA) was used for the statistical analysis using Chi-square test and *t*-test for comparing frequencies and the means, respectively. Logistic regression analysis was applied in order to estimate the odds ratio (OR) of HC considering the WC ranges at 95% significant level. *P* \< 0.05 considered statistically significant. This study was approved by Ethical Research Committee and consent was received from all participants.
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Mean and standard deviation of age and serum cholesterol level were 44.2 ± 11.3 years and 203 ± 11.3 mg/dl, respectively. The prevalence of abdominal obesity was seen in 42.6% (35.9% in men and 49.6% in women). HC was common in 50.8% with more prevalence in women (57.0%) than men (44.7%) \[[Table 1](#T1){ref-type="table"}\].
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Characteristics of subjects, mean (SD), (total=1956, men=990, women=966)
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Distribution of serum cholesterol levels and WC based on age in men were presented in [Table 2](#T2){ref-type="table"}. As whole the mean of cholesterol was 20 mg/dl in abdominal obese more than in normal people and statistical differences was significant among all age groups (*P* \< 0.001). Results of logistic regression analysis showed that the OR of HC is (OR = 4.208 \[95% confidence interval \[CI\]: 1.939--9.130\]) in abdominal obese compared to normal subjects and (OR = 3.956 \[1.821--8.592\]) in men aged 25--35 and 35--45 years, respectively. OR was not significant after age 45.
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The association between serum cholesterol level and WC based on age in men
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Distribution of serum cholesterol levels and abdominal obesity based on age in women are presented in [Table 3](#T3){ref-type="table"}. The mean of serum cholesterol levels differences was significant among normal and abdominal obese in all age groups (*P* \< 0.001). The risk of HC is (OR = 3.444 \[95% CI: 1.959--6.056\]) in abdominal obese compared to normal subjects in women aged 25--35 years. OR was not significant in other age groups.
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The association between serum cholesterol level and WC based on age in women
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Contrary to normal subjects, abdominal obese people\'s mean serum cholesterol level remained significantly high in all of the age groups except for men aged 45--55 years.
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The association between HC and abdominal obesity in men and women was not similar. In men aged under 45 years and in women aged under 35 years, the OR for HC was seen in abdominal obese subjects more than in normal ones.

The same as our study, the association between serum cholesterol level and abdominal based on age and sex has been reported in other studies. In a systematic review study, the direct association between serum cholesterol level and age was reported in two genders.\[[@ref18]\] Among 25-64 years old, HC increased with age and it was more in men more than in women in 24-49 years age group.\[[@ref20]\] Total serum cholesterol and nonhigh-density lipoprotein cholesterol have been correlated with WHR.\[[@ref7]\] The association between age and serum cholesterol was not similar in all studies. Besides, inverse relationship between dyslipidemia and both WC and age among Turkish adult men,\[[@ref24]\] the decline trend has been shown between HC and body mass index when adjusted with age in WHO MONICA project.\[[@ref20]\]

Like above studies, we found the association between abdominal obesity and serum cholesterol level while it was weaker in upper age and less in women. With regard to different ethnic groups in the north of Iran, genetic factors probably influence on changing of serum cholesterol level and it should be considered in future studies. Lifestyle had a meaningful role in changing of serum cholesterol level in adults.\[[@ref25][@ref26]\] Look upon changing of lifestyle in Iran as a developing country,\[[@ref27]\] we recommended to establish an educational planning for controlling the abdominal obesity and HC especially in early middle age.

Diet, physical activity, ethnicity, job and background disease were not assessed in our study. In addition, we did not provide a proper statistical test to evaluate the design effect resulted by cluster sampling. If we used a proper statistical test, it would change the narrow CI and low *P* value. They are limited factors for our study.
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Hypercholesterolemia is a major health problem in the north of Iran and abdominal obesity is associated with it. In the early middle age, the association between WC and serum cholesterol level in abdominal obese subjects was more than in normal subjects, while this association has not been revealed in men and women upper age 45 and 35 years, respectively.
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